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ELECTRIC DEVICE WITH PIEZOELECTRIC-DRIVEN ACTUATOR 

The invention relates to an electric power 
switching device, monopolar or multipolar, of relay, 
contactor or contactor breaker type, whose closing and 
opening movements between moving contacts and 
5 stationary contacts are carried out via an approach 
actuator and a force actuator. The invention also 
relates to a closing and opening method of the contacts 
of such a switching device. 

An electric switching device of relay type, 

10 contactor or contactor breaker is a device usually 
employed to perform the electric switching or 
commutation of a power charge, for example a motor. For 
this, it usually has, for each power pole, a movable 
bridge driven by an actuator generally constituted of 

15 an electromagnet common to the different poles and 
equipped with restoring means such as a return spring. 
The movable bridge has a single switching movable 
contact, or two double switching movable contacts, co- 
operating with one, respectively two, fixed contact (s) , 

20 so as to break or make the flow of electric current in 
the power poles. Moreover, to obtain sufficient contact 
pressure, we usually employ pressure contact springs 
acting on the movable contacts. 

The actuator can be controlled via a manual 

25 command by an operator or via a command sent by an 
automatic control . The moment that these commands 
appear is of course then out of sync with the intensity 
of current flowing in the different power poles of the 
switching device at this moment. Therefore, at the time 
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of the opening movement corresponding to the separating 
of the fixed and movable contacts, a significant 
electric current could be circulating in the poles thus 
creating, in a continuous manner, an electric switching 
5 arc between the fixed and movable contacts. This 
switching arc requires an arc extinguishing chamber in 
the device and eventually accelerates the wear of the 
contact tips deposited on the fixed and movable 
contacts. To limit this inconvenience, the 

10 electromagnet has usually restoring means, such as a 
return spring, sufficiently significant to have the 
quickest possible separation between the fixed and 
movable contacts. However, at the time of the reverse 
closing movement corresponding to the bringing together 

15 of the fixed and movable contacts, this return force 
must be overcome which requires the increasing in size 
and strength of this electromagnet. 

A first purpose of the invention is to ensure the 
switching between the fixed and movable contacts of the 

2 0 poles of a switching device at the moment the 
alternating electric current circulating in these poles 
is practically nil. We thus reduce the electric arc 
generated at the moment of switching which 
advantageously reduces the wear of the contact tips. 

25 This also results in a reduction in external 
manifestations due to switching and a simplification of 
the arc extinguishing chamber. 

A second purpose of the invention is to remove the 
mechanical restoring means present in such a switching 

30 device. This allows to advantageously reduce the size 
of the actuators for a given nominal current. We thus 
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obtain a switching device of reduced size and of 
simpler design that consumes less energy and whose 
contacts wear less quickly. 

To do this, the invention describes an electric 
5 switching device for switching-on and switching-of f a 
charge and comprising one or several power poles, each 
pole comprising a movable bridge equipped with at least 
one movable contact which co-operates with at least one 
fixed contact of the pole between opened and closed 

10 positions. The switching device comprises an approach 
actuator acting on the movable bridge (s) of the 
switching device so as to allow to distance and bring 
together the movable and fixed contacts. Each pole 
comprises a force actuator allowing to establish the 

15 contact pressure and the contact disconnection between 
the movable contact (s) and the fixed contact (s) of the 
pole, without the use of mechanical restoring means. 

According to a feature, the approach actuator is 
constituted of an electrically controlled 

20 electromagnetic linear actuator or a Voice Coil type 
actuator . 

According to another feature, the force actuator 
of a pole has at least one piezoelectric element acting 
on the fixed contact (s) of the pole. 

25 According to another feature, the switching device 

comprises means for measuring the current circulating 
in the pole(s) linked to an electronic control unit 
capable of controlling the position of the approach 
actuator (s) and the force actuator (s). Thanks to the 

30 means for determining a position, this control unit 
allows a better management of the dynamic range 
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(position, speed, force) for optimum operating of the 
switching device: suppression of bounce, contact 
pressure regulated according to the current circulating 
in the pole, diagnostic of wear on the tips. 
5 The invention also relates to a method of 

switching a pole in an electric switching device. The 
method is characterised in that the closing movement of 
the contacts comprises an approach step allowing the 
movable bridge to approach the fixed contact (s) via an 

10 approach actuator and comprises a connecting step 
allowing to establish a contact pressure between the 
movable and fixed contacts of the pole via a force 
actuator. The method is also characterised in that the 
opening movement of the contacts comprises a 

15 disconnecting step allowing to separate the movable and 
fixed contacts of the pole via a force actuator and 
comprises a distancing step of the movable bridge via 
an approach • actuator . To avoid the presence of electric 
arcs at the pole, the disconnecting step is only 

2 0 performed when the electric current circulating in the 
pole is less than a pre-set threshold, just prior to 
the current reaching zero . 

Other features and advantages will appear in the 
following detailed description in reference to an 

25 embodiment given by way of illustration and represented 
by the annexed drawings in which: 

- figure 1 represents a simplified embodiment 
of a double switching contact pole in a switching 
device according to the invention, in the open position; 

30 - figure 2 shows the example of figure 1 after 

the approach step; 



5 



- figure 3 shows the example of figure 1 in the 
closed position; 

- figure 4 represents a second embodiment of a 
double switching contact pole; 

5 - figure 5 represents an embodiment of a single 

switching contact pole; 

- figure 6 details a block diagram of the 
controlling of the actuators of a switching device 
according to the invention. 

10 An electric power switching device, of relay, 

contactor or contactor breaker type, comprises one or 
several power poles. It is responsible for electrically 
controlling an electric charge, such as a motor, a 
resistance or other. In the example in figure 6, the 

15 switching device comprises three power poles 
corresponding to the three phases LI, L2 , L3 of an 
alternative current, in order to control a motor M. 

In reference to figures 1 to 3 , a power pole has a 
movable bridge 30 which has two movable contacts 31a 

20 and 31b, electrically linked together. The pole 
comprises two power conductors 4 0a and 4 0b, the 
conductor 4 0a corresponding, for example, to an 
upstream conductor and the conductor 4 0b corresponding 
to a downstream conductor of the switching device. 

25 These two conductors 40a and 40b each have at their end 
a fixed contact respectively 41a and 41b which comes 
into contact with one of the movable contacts 31a and 
31b when the movable bridge 3 0 is in a closed position 
allowing an electric current to circulate between the 

30 upstream 40a and downstream 40b conductors. It is known 
that the end of the upstream 4 0a and downstream 4 0b 
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conductors can create a loop so as to reduce the 
repulsion of contacts in the case of high current. 

The movable bridge 3 0 is integral to a mechanical 
element 23, such as a finger, a push button or other, 
5 which itself is mechanically driven by the movable part 
21 of an approach actuator 20. The features of such a 
mechanical link are standard in . contactors or contactor 
breakers and are therefore not represented in the 
figures in this document. The approach actuator 20 is 

10 responsible for performing the movements of the 
approach stroke and the distancing stroke of the 
movable bridge, between the open position (see figure 1) 
and an intermediary position (see figure 2) where the 
fixed contacts 41a and 41b and the movable contacts 31a 

15 and 31b are close but separate from each other, as 
detailed below. 

Each power pole also comprises a force actuator 42, 
responsible for performing the movements of the 
compression stroke of the contacts, that meaning 

2 0 responsible for establishing the contact pressure or 
switching between the fixed contacts 41a and 41b and 
the movable contacts 31a and 31b of the pole, between 
the intermediary position (see figure 2) and the closed 
position (see figure 3), as detailed below. According 

25 to a feature of the invention, the force actuator 42 is 
constituted of one or several deformable piezoelectric 
elements 42a, 42b and 42' . 

The piezoelectric elements are already known of 
and have the specificity of deforming and slightly 

30 increasing in volume, when subject to a potential. This 
deformation is proportional to the value of the 
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potential applied to them and is reversible when the 
potential disappears. Such elements are thus bistable 
and do not require any mechanical restoring means to 
return to the initial position. They have the advantage 
5 of consuming very little current, but nevertheless 
engendering an elevated force when increasing in volume 
in a very short response time. Moreover, they avoid 
using moving parts and therefore do not engender any 
wear . 

10 In a first alternative represented in figures 1 to 

3, a power pole comprises two piezoelectric elements 
42a, respectively 42b, placed between a fixed base of 
the switching device and the end of the power 
conductors 4 0a, respectively 40b, bearing the two fixed 

15 contacts 41a, respectively 41b. If a potential is 
applied to them, the piezoelectric elements 42a and 42b 
will increase in volume thus creating forces F2a and 
F2b (see figure 3) which* will provoke a slight 
deformation of the loop created by the metallic 

20 conductors 40a and 4 0b and therefore a displacement of 
the fixed contacts 41a and 41b towards the movable 
contacts 31a and 31b. If the movable bridge 30 is in 
the intermediary position as in figure 2, this 
displacement will be sufficient for the fixed contacts 

25 41a and 41b to touch and exercise pressure against the 
movable contacts 31a and 31b resulting in the closed 
position as in figure 3 . Typically, the provoked 
displacement is approximately less than or equal to 1 
mm. When the potential applied to the piezoelectric 

3 0 elements 42a and 42b disappears, they return to their 
initial shape which engenders a removal of the forces 
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F2a and F2b and therefore a separating of the fixed and 
movable contacts and a return to the intermediary 
position as in figure 2. 

In a second alternative represented in figure 4, 
5 the piezoelectric elements 42a and 42b are positioned 
on the movable bridge 3 0 and act on the movable 
contacts 31a and 31b. The movable bridge 30 can 
comprise a metallic conductor 33 linking the movable 
contacts 31a and 31b together. This conductor 33 is 

10 sufficiently flexible so that, when a potential is 
applied to the piezoelectric elements 42a and 42b, 
their increase in volume can generate a slight 
deformation of the conductor 33 and therefore a 
movement of the movable contacts 31a and 31b towards 

15 the fixed contacts 41a and 41b. However, this 
alternative results in an increase in the total weight 
of the movable bridge 30. 

Preferably, the switching device comprises a 
single approach actuator 20 for all the poles. The 

20 movable part 21 of this actuator 2 0 thus drives all of 
the mechanical elements 23 of the different poles. 
According to another embodiment, the switching device 
can have a distinct approach actuator 20 for each pole. 
This second solution will be easier to employ as each 

25 pole can thus be individually controlled by smaller 
actuators, even though it can be of greater encumbrance 
The approach actuator 20 is an electrically 
controlled electromagnetic actuator, for example a 
bistable linear electromagnet. In this case, the 

3 0 movable part of the actuator is a movable core 21, such 
as an adjustable core made in a magnetic material. 



surrounded with a fixed casing 22 bearing a winding 
traversed by a control current. The approach actuator 
2 0 acts on the movable bridges 3 0 (or on the movable 
bridge 3 0 if there is an approach actuator per pole or 
5 if the switching device only has one pole) , so as to 
allow the distancing and bringing together of the fixed 
and movable contacts. When the winding of the fixed 
casing 22 receives a distancing command, the movable 
core 21 moves to a distancing position, corresponding 

10 to the open position of the pole contacts as is 
represented in figure 1. When the winding of the fixed 
casing 22 is traversed by a control current 
corresponding to the approach command, this engenders 
an electromagnetic force Fl on the movable core 21 

15 which then moves to an approach position, corresponding 
to the intermediary position of the pole contacts as is 
represented in figure 2. In this intermediary position, 
the fixed and movable contacts are close to each other 
but do not touch. 

2 0 According to the invention, the approach actuator 

20 can also be a linear actuator of Voice Coil type in 
which the movable core comprises a coil, traversed by a 
control current, which moves on the inside of a fixed 
support assembly comprising a permanent magnet. Indeed, 

25 such an actuator has a low response time and a 
beneficial very fast dynamic range in this application. 
Finally, we can also envisage a rotary electromagnet 
equipped with a standard mechanism allowing to 
transform a rotary movement into a linear movement. 

30 Advantageously, the approach . actuator 20 does not 

therefore need to use restoring means, of return spring 
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type, to return the movable core 21 back to its initial 
pre-set position. The speed and position of the 
actuator 2 0 are regulated by a control unit 10 so as to 
obtain a fast approach stroke and a stable position. 
5 This position regulating is particularly important so 
as to maintain the movable bridge 3 0 in the closed 
position, as when the piezoelectric elements 42a and 
42b generate the forces F2a and F2b, these forces F2a 
and F2b must be compensated by the force Fl generated 

10 by the approach actuator 2 0 so as to maintain correct 
pressure between the fixed and movable contacts. 

In reference to figure 6, the switching device 
comprises an electronic control unit 10 which is 
equipped with a processing unit, such as a 

15 microprocessor or microcontroller, and a memory, and 
which is linked to means for measuring 11 the current 
of the switching device, such as current sensors, 
capable of delivering signals proportional to the 
currents circulating in the phases LI, L2 and L3 . The 

2 0 ' control unit 10 also receives an external closing or 
opening drive command 12 which comes directly from 
either an operator command or from an automatic command 
for example. According to this information, the control 
unit 10 is capable of sending appropriate commands to 

25 the approach actuator 20 and to the force actuators 42 
of the different poles. 

Furthermore, the control unit 10 must be capable 
of knowing the position of the movable core 21 in real 
time so as to be able to regulate the speed and 

30 position of the positioning of the approach actuator 20. 
To do so, the control unit 10 comprises means for 
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determining the position of the movable core 21. In the 
case of an approach actuator 20 of voice coil type 
bearing little reluctance variation, these means for 
determining the position comprise for example a sensor 
5 for the position of the movable core 21, returning 
position data to the control unit 10. In the case of an 
approach actuator 2 0 of bistable linear electromagnet 
type, the control unit 10 does not necessarily have a 
position sensor as it is capable of estimating this 
10 position of the movable core 21 from measurements of 
the potential and current circulating in the coil and 
from a calculation of the inductance variation linked 
to the gap variation, as indicated in the document 
FR0200952 . 

15 Starting from an initial situation where the 

contacts are in the open position, the commutating of a 
pole takes place according to the following method : 

When the control unit 10 receives a drive command 
12 ordering the closure of the contacts, the method of 

2 0 commutating a pole comprises an approach step in which 
the control unit 10 sends an approach command to the 
approach actuator 20. The electromagnetic force Fl thus 
generated provokes a displacement of the movable core 
21 towards the intermediary position. The method of 

25 commutating a pole also comprises a connecting step in 
which the control unit 10 sends a force command to the 
force actuator 42 of the pole. Under the effects of 
this force command, the elements 42a, respectively 42b, 
of the force actuator 42 receive a potential generating 

30 an increase in their volume and creating a force F2a, 
respectively F2b, on the fixed contacts 41a, 
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respectively 42b, sufficient to carry out the 
compression stroke of the contacts and bring the fixed 
contacts 41a, respectively 41b, into contact with the 
movable contacts 31a, respectively 31b. During this 
5 connecting step, as the forces F2a, F2b and the force 
Fl are in opposition, the control unit 10 must balance 
the different forces by regulating the position of the 
movable core 21 to stop it from moving due to the 
action of the forces F2a and F2b so as to ensure a 

10 satisfactory contact pressure. Equally, the approach 
step and the connecting step can take place 
sequentially or simultaneously. 

In the transitory intermediate position, the fixed 
and movable contacts are thus sufficiently distanced so 

15 as to avoid the establishing of an electric current 
between them but are sufficiently close so that the 
small displacement provoked during the connecting step 
brings the fixed and movable contacts together. 

Upon the closing of the contacts we can 

2 0 additionally create diagnostic functions for the wear 

of the contact tips, when there is an approach actuator 
per pole. When the approach actuator instigates a 
closure movement at a stable speed, we detect thanks to 
the current sensors 11 the moment when the current is 
25 established in the phase corresponding to the pole. By 
following the evolution of this instance through time, 
we are thus capable of knowing the wear evolution of 
the contact tips. 

Inversely, starting from an initial situation 

3 0 where the contacts are in the closed position, the 
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commutating of a pole takes place according to the 
following method: 

When the control unit 10 receives a drive command 
12 ordering the opening of the contacts, the method of 
5 commutating a pole firstly comprises a disconnecting 
step in which the control unit 10 deletes the force 
command sent to the force actuator 4 2 of the pole. The 
disappearance of the potential applied to the elements 
42a, respectively 42b, of the force actuator 42 will 

10 engender a return to their initial shape, thus 
generating the separation of the fixed contacts 41a, 
respectively 41b, and the movable contacts 31a, 
respectively 31b, and their return to the intermediary 
position. Once this disconnecting step has been 

15 accomplished, the method of commutating a pole 
comprises a distancing step during which the control 
unit 10 sends a distancing command to the approach 
actuator 20. This distancing command provokes the 
displacement of the movable core 21 towards the 

20 distanced position, leading the movable bridge (s) 30 in 
order to attain the open position of the contacts. 

Advantageously, the disconnecting step is 
independently performed pole by pole, at the exact 
moment the current reaches zero, that meaning when 

25 practically no current is circulating in the power 
poles. To do this, the control unit 10 uses the signals 
coming from the current sensors 11 and proportional to 
the currents circulating in the phases LI, L2 and L3 . 
To delete the force command sent to the force actuator 

30 42 of a pole, the control unit 10 checks that the 
intensity of the current circulating in the phase 
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corresponding to this pole is less than a pre-set 
maximum threshold, almost zero. By thus controlling the 
near absence of current in the pole, we thus ensure 
that the separation of the fixed and movable contacts 
5 of this pole generates a very small or no electric arc. 
Given the phase difference between the currents of the 
switching device poles, the dropping of the current to 
zero is not simultaneous and the deleting of the force 
command on the different poles will therefore take 

10 place at distinct moments, which justifies the benefit 
of having distinct effort actuators for each pole. We 
can thus guarantee that the switching of the switching 
device contacts engenders very little or no electric 
switching arc. The distancing step is thus only 

15 instigated when the disconnecting step has taken effect 
on all the switching device poles. 

Furthermore, the driving of the actuators by the 
control unit 10 has the advantage of being able to 
adapt the control level of the actuators according to 

20 the currents circulating in the phases. Is a high 
current, for example a high transitory current or an 
almost short-circuit current, is measured by the 
current sensors 11 in one or several phases, the 
control unit 10 is then capable of accentuating the 

25 force actuator controls and regulating the position of 
the approach actuator so as to maintain a correct 
contact pressure in the poles. 

In the single switching alternative in figure 5, 
each pole of the switching device only has one movable 

3 0 contact 31' placed at one end of a movable bridge 30' 
and co-operating with a fixed contact 41' placed on a 
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fixed conductor 40', for example downstream. The other 
end of the movable bridge 30' is articulated with a 
fixed conductor 33' , for example upstream. A force 
actuator 42', of piezoelectric type, is placed between 
5 the fixed base of the switching device and the fixed 
conductor 40' so as to allow the establishment of the 
contact pressure between the fixed contact 41' and the 
movable contact 31', when a potential is applied to the 
piezoelectric element 42'. The movable bridge 30' is 
10 linked to the movable part 21' of an approach actuator 
20' via a mechanical element 23'. The operating of this 
alternative is equivalent to the one previously 
described. 

Of course, without leaving the framework of the 
15 invention, other alternatives and developments can be 
imagined and we can even envisage the use of equivalent 
means . 



